The beam currents and their quality at TRIUMF have been steadily improved since the accelerator began operations shortly before the last Conference. The high current beam stop has now been completed and currents of over 100 amperes have been accelerated. The accelerator routinely delivers beams of 150 nanoamperes of polarized protons. The addition of new beam lines and the improvements in transmission and stability have continued in an orderly fashion to the expected full capability envisaged by the proposers of the negative ion cyclotron meson facility.
Introduction
At the Cyclotron conference held in Zurich in 1975 a report on the first operation of the TRIUMF accelerator was given by J.R. Richardson1 who was, at that time, the director of the facility. It was most gratifying for him to see his ideas for using H-acceleration vindicated. A beam of up to 525 MeV protons was extracted from the machine by the use of thin aluminum and carbon stripping foils positioned at various radii in the vacuum tank.
Since that time the machine has been operated in a program in which two thirds of the time has been directed to beam production and one third to machine study and technical improvements and modifications. There have been two 6-week periods per year during which the machine has been shut down for modifications in the cyclotron. Modifications to the experimental areas are done during these shutdown periods.
Operating beam currents have been increased slowl' from the initial 10 nanoamperes to 20 microamperes during the last 3 years with short periods of high current operation. In July of 1977 the first beam of over 100 amperes was extracted and since that time stability and quality of the high current beam has been steadily improved as will be reported in other papers at this conference. The polarized ion source of the Lamb shift type which was put into operation shortly after the delivery of the first beam to the experimental areas also has been steadily improved. A DC beam of lp ampere of 70% to 80o polarized H-ions is now regularly delivered by the ion source and a beam of 200 nanoamperes has been delivered to the experimental areas. This has made possible a variable energy neutron beam created by charge exchange in a liquid deuterium target.
The transmission through the cyclotron has also been improved until with the buncher in operation a transmission of over 30% of the beam from the ion source through the cyclotron at a beam current of 20 microamperes has been obtained. A more detailed description of this achievement is given in another paper at this conference.2 The total current from the ion source is routinely 600 amperes.
A study has been made of the possible improvements to energy stability and to the possibility of single turn extraction. The use of slits at the centre of the machine has allowed an impressive scan of the beam current as a function of beam radius to be made. (Figure 2 ) A discussion of this will also be given in a separate paper at this conference.3
Facility Development
The facility presently consists of two experimental areas, one dedicated primarily to nucleonnucleon interactions and nuclear physics and the second to pion and muon reaction studies.4 The layout of the experimental halls and the extracted beam lines is illustrated in Figure 3 . During the summer of 1978 two additional extraction ports were installed on the machine at the side of extraction port two. The primary purpose of these ports was to provide beams for isotope production.
A bending magnet in beamline 1 allows for a second nucleon-nucleon interaction area The beam stop at the end of beamline 1 has been upgraded to take beam currents of up to 400 microamperes and has been provided with a D20 moderator and neutron ports to provide a facility for neutron experiments of various kinds. 
H20
The thermal neutron facility is shown in Figure   4 . It Two pulsers have been inserted into the injection line of the TRIUMF ion source and injection system. The first one is in the ion source (macropulser) and it operates at a rate of 1 kilocycle. It has a duty factor which varies from 1% to 99%. It is used to change the beam intensity in achieving a 100u ampere tune and the gap in the beam current at the 99% duty factor is seen by toroidal magnetic pickups and cylindrical capacitive pickups. This feature is used in various tuning, current measuring and stabilization procedures as described in other papers in this conference.3
The micropulser operates on the beam microstructire and is capable of passing one pulse in five in the RF cycle. Since the rotation frequency is one fifth of the RF frequency, instead of 5 spokes in the rotating charge cloud, there is only one. The beam suppression during the operation of this pulser is seen in Figure 11 which shows the capacitive pickup signal with and without the micropulser in operation. The suppression factor was measured in the experimental area on the M9 channel and Figure 12 shows the appearance of the secondary beam in the 5:1 mode of operation. The suppression factor is better than 2 x 107, the limit of sensitivity of the measurement. 
Cryopumping
The cyclotron has been operating with a cryopumping system consisting of 800K and 20°K cryopansls.
During the pumpdown cycle the tank is heated to 70 C by circulating hot water for 12 hours at which time the base pressure reaches 2 x 10-7 Torr and the cyclotron can be put into operation. After continuous operation for a month the base pressure reaches 2 x 10-8 Torr. Since the activation by gas stripping is comparable to that by electromagnetic stripping at high gas pressures, and the activation of the cyclotron tank poses a serious problem, it was decided to Install liquid helium cooled cryopumps into the cyclotron to reduce the base pressure much more quickly by pumping off the hydrogen produced through the dissociation of the absorbed water in the tank. A prototype pump consisting of a cylindrical container for liquid helium, having a diameter of I meter and a height of 10 cm with a chevron baffle cooled to 80°K in front of the pumping surface was installed in the tank during the spring shutdown in 1978. This system has now been tested. The base pressure rapidly reaches 2 x i1-8 Torr after the bakeout is finished. The boil-off rate for the liquid helium is between I to 5 litres per day. The resolution at 200 MeV was 650 KeV of which most was due to the instrumental resolution and not the energy resolution of the cyclotron. Since the acceleration voltage of the machine is now 160 KeV per revolution, single turn extraction has been achieved at that energy. The figure indicates that further tuning will be necessary before it is achieved at full extraction energy.
Appl ied Program
The installation of the 70 and 90 MeV extracted beams and the isotope production targets at the TNF and at the end of beamline IV marked the beginning of the applied program at TRIUMF. Isotopes will be produced at the cyclotron and will be marketed by the AECL Commercial Products Division. TRIUMF has entered into an arrangement with AECL-CP in which a new, small, isotope production cyclotron will be installed at the facility to back up periods when the main machine is shut down for maintenance. This 200i ampere 42 MeV, negative ion machine will be purchased from the Cyclotron Corporation.
A neutron activation analysis group has been set up to do commercial analyses using the rabbit system of the thermal neutron facility.
Neutron beams will also be produced with the 42 MeV machine for the purposes of cancer therapy and the necessary additions of laboratory space and treatment rooms for these purposes has been authorized.
Conclusions
The major objectives listed in the conclusions at the end of the summary paper on TRIUMF1 have been achieved. The running at full intensity requires the completion of remote handl'ing equipment for the cyclotron. Although the 3rd harmonic system has been tested at low power it has not yet been put into operation. These are the two remaining machine developments necessary to bring the cyclotron up to the capabilities initially envisaged for it. The increase of the beam current to 400p amperes awaits the development of an improved ion source. small. The gas pressure may have to be lowered over the present pressure but the storage time is equal to the present acceleration time of the beam at TRIUMF and so the gas stripping would only double the present losses at high energy due to the pressure and they are already negligible. The beam spreads out in phase to fill the whole 3600 of the revolution due to the increase in phase width as the energy gain per turn decreases.
